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Abstract 
Using the software FLAC3D, we simulated the rule of deformation and failure of deep stope floor due to working 
face mining. The horizontal stress, vertical stress, shearing stress, horizontal displacement, vertical displacement, 
and plastic zone distribution of mined floor are all simulated in both the advanced direction and the tilted direction 
of working face. Along the advanced direction of working face, the region of floor strata come into being a 
compression region, an expansion region, and a recompression region; their displacement decrease with the increase 
of floor depth. While along the tilted direction, the rock mass under the upper and lower two-side coal mass is in a 
compressive state, resulting in a vertical compressive displacement and forming a plastic zone of 12.3 m in depth. 
Considering the failure depth of floor, the working face water-inrush coefficient of Taoyuan Coal Mines is 0.082, 
which is 1.4 times of the critical value. Therefore, effective measures must be taken to prevent water-inrush from 
floor aquifer and to ensure the safe mining of working face. 
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1. Introduction 
When discussing the rule of deformation and failure of stope floor due to working face mining, we can describe 
the deformation and failure mechanism of floor and coal mass in different aspects and contexts [1–8]. To some 
extent, these descriptions can enhance the understanding of floor deformation and failure caused by working face 
mining. From their effects, however, we can not obtain a clear objective in mechanical analysis about the 
deformation and failure rule of stope floor. For a more profound understanding of the deformation and failure rule of 
stope floor induced by working face mining, we carried out three-dimensional (3D) numerical simulations of 
deformation and failure of deep stope floor caused by working face mining and obtained a series of important 
conclusions. 
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 2. Foundation principles of numerical model 
The reliability of numerical simulation depends on the rationality of established calculation model. So, numerical 
model must be established on the basis of some important principles. For the problem of deformation and failure of 
coal seam floor caused by mining disturbance, the principles of numerical simulation model are as follows [9]: (1) 
The failure of stope floor caused by working face mining should include both the advanced direction and the tilted 
direction of working face; So the numerical simulation model must be a 3D model. (2)The initial conditions of 
boundary should accord with the actual conditions as much as possible. (3)The effect of mining dynamical pressure 
should be considered. 
The software FLAC3D is used in this numerical simulation computation [10]. This program is mainly used to 
simulate the 3D mechanical behavior of geological materials, geotechnical engineering and other materials. 
Particularly, the materials can generate plastic flow after reaching their yield limit. Under the conditions of applied 
forces and boundary restraints, according to a prescribed linear or non-linear stress-strain relation, each section shall 
generate mechanical response relatively. Therefore, FLAC3D can be used to simulate the 3D problem of deformation 
and failure of coal seam floor caused by mining disturbance. 
3. 3D numerical simulations 
3.1. Foundation model 
According to the distribution characteristics of mining pressure [11] and the mining conditions of Taoyuan Coal 
Mine (Huaibei Mining Group), we established a numerical model with the size of 260 m×140 m×75 m, the 
inclination length of working face is 120 m and the mining depth is 600 m. There are 11-layer strata in this model, 
and Table 1 shows their lithology and mechanical parameters. The bottom boundary of the model is fixed constraint, 
and the front-back, right-left of the model are displacement constraints, so the initial conditions of boundary accord 
with the actual conditions as shown in Fig. 1. According to the mined pressure distribution, the loads acting on the 
stope floor is also shown in Fig. 1. 
Table 1. Lithology and mechanical parameters of each stratum of working face floor  
 
 
Rock layer 
No. Lithology 
Elastic modulus E 
(GPa) 
Cohesion 
C (GPa) 
Poisson’s ratio 
 μ  
Density 
γ  (x10-5N/mm3) 
Friction angle ϕ  (°) Thickness h (m) 
1 Mudstone 7.3 2.0 0.39 2.60 28 1.97 
2 Middle-fine sandstone 12 6.5 0.25 2.50 38 6.33 
3 Sand-mud Interbed 3.2 4.9 0.40 2.65 32 10 
4 Middle-fine sandstone 12 6.5 0.25 2.50 38 5.28 
5 Siltstone 7.8 4.2 0.33 2.50 34 4.35 
6 Carbon mudstone 3.2 4.1 0.34 2.5 32 0.12 
7 Middle-fine sandstone 12 6.5 0.25 2.50 38 1.91 
8 Fine sandstone 8.5 4.3 0.32 2.5 33 5.08 
9 Sand-mud Interbed 3.2 4.9 0.40 2.65 32 1.77 
10 Siltstone 7.8 4.2 0.33 2.50 34 19.17 
11 Limestone 26.7 5.7 0.28 2.5 41 14 
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Fig. 1. Numerical simulation model and its loads 
3.2. Simulation results and analysis 
According to the characteristics of the model, we intercepted two sections of the model along the advanced 
direction and the tilted direction of working face and draw the horizontal stress contour, vertical stress contour, 
shearing stress contour, horizontal displacement contour, vertical displacement contour, and plastic zone 
distributions as shown in Fig. 2~13. Two other sections are also taken out, one is 7 m in depth from the interface of 
stope floor, another is 16 m in depth. Vertical stress contour, vertical displacement contour, and plastic zone 
distributions of these two sections are drawn to analyze the rule of floor deformation and failure as shown in Fig. 
14~19. 
3.2.1. The advanced direction of working face 
(1) Horizontal stress distributions (see Fig. 2): Original rock stress of floor strata will redistribute after working 
face mining, forming the stress-rising area and stress-relaxed area. Due to the different intensity of each stratum in 
coal seam floor, the horizontal stress is discontinuous, resulting in a very disorderly stress contour. Stress 
concentration area appears under the coal wall of working face, and the maximum value of horizontal stress is 14.5 
MPa which decreases with the increase of floor depth and the minimum value is 7.2 MPa. The stress of floor under 
goaf releases and appears a horizontal tensile stress of 1.3 MPa, and the horizontal tensile stress transforms into 
compressive stress with the increase of floor depth and close to the original rock stress finally.  
(2) Vertical stress distributions (see Fig. 3): The vertical stress concentration area and pressure relief area of floor 
strata are according with the supporting pressure concentration area and pressure relief area of overlying strata, 
respectively. The stress concentration area of floor strata appears near the coal mass under the coal wall and its 
maximum stress value reaches 32.5 MPa. The stress of goaf floor releases and its minimum value is 2.5 MPa. With 
the increase of floor depth, the vertical stress under coal mass reduces to original stress, from 32.45 MPa to 15.0 
MPa. While the vertical stress of goaf floor increases from 2.5 MPa to 7.5 MPa, and its distribution tends to be 
stable and accords with the original rock stress. The vertical stress under the coal mass transfers from active areas to 
passive areas, so the contour inclines to the front of coal wall. The vertical stress peak along the direction that has a 
certain angle with the normal direction transmits to the rock mass under the coal mass from the location of 
supporting pressure peak. 
(3) Shearing stress distributions (see Fig. 4): Due to the stope floor suffering from the function of stress 
concentration and is in the compressive state, while the rock mass under the goaf is in the expansive state due to 
pressure relief. Thus, a shearing stress concentration zone occurs at the intersection of the coal mass with the goaf, 
forming a 2.0~4.1 MPa shearing stress concentration zone which may suffer from the most serious failure. When the 
periodical pressure comes, the faults of this area become activation, which may evolve the faults into the conductor 
of groundwater. Meanwhile, the floor rock mass in the front of coal wall forms a compressive shearing stress area, 
and its maximum value reaches 10.0 MPa. Otherwise, the floor rock mass under goaf forms a tensional shearing 
stress area, and its maximum value reaches 1.0 MPa.  
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 (4) Horizontal displacement distributions (see Fig. 5): Due to the working face mining, the vertical stress 
concentrate highly and pressure release, and the strata are in a tiny bend state due to rock mass compression and 
expansion in vertical direction, resulting in a compressive and tensile deformation in horizontal direction. The 
mudstone of shallow floor near the coal wall produces a 7~12 mm horizontal compressive displacement. The 
sandstone stratum in 10 m depth from mudstone stratum produces a 8~13 mm horizontal tensile displacement, 
which reduces with the increase of floor depth and tends to be stable gradually. 
(5) Vertical displacement distributions (see Fig. 6): During the working face mining, the vertical stress acting on 
floor strata is also changing. For a certain time, the region from the front of coal wall to goaf come into being 
supporting pressure area, stress-relaxed area, and stress-recovered area along the advanced direction of working 
face, successively. Correspondingly, the region of floor strata come into being compression region, expansion 
region, and recompression region, and their displacement decrease with the increase of floor depth. The 
displacement of compression area changes from 26 mm of shallow part floor to 12 mm of deep part floor, and the 
displacement of expansion region also changes from 35 mm of shallow part to 13 mm of deep part floor.  
(6) Plastic zone distributions (see Fig. 7): The floor stratum of goaf moves up due to pressure relief, forming a 
plastic zone of 6 m in depth. The rock mass under coal wall is in a shearing state, forming a plastic zone of 12.3 m in 
depth caused by the double influence of the compressive state of coal seam floor strata and the expansive state of 
floor strata under goaf. 
 
       
Fig. 2. Horizontal stress contour                         Fig. 3. Vertical stress contour along                 Fig. 4. Shearing stress contour 
       
Fig. 5. Horizontal displacement contour              Fig. 6. Vertical displacement contour              Fig. 7. Plastic zone distribution  
3.2.2. The tilted direction of working face 
(1) Horizontal stress distributions (see Fig. 8): Original rock stress of coal seam floor shall redistribute after 
working face mining, appearing the stress-rising area and pressure relief area. Due to the different intensity of the 
each stratum of floor, the horizontal stress is discontinuous, resulting in a very disorderly stress contour. The 
shallow part floor under the coal wall appears stress concentration area, and its maximum horizontal stress is 20.1 
Mpa, which reduces with the increase of the floor depth, and its minimum value is 7.5 Mpa. The stress of shallow 
part floor under goaf releases and appears a 3.6 MPa horizontal tensile stress. In the part of floor depth, the 
horizontal tensile stress changes into compressive stress, which increases with the increase of floor depth and close 
to original strata stress. There is a tensile stress about 2.5 MPa occurring in sandstone interbed under coal mass, 
indicating that the sandstone interbed is in a tensile state. 
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(2) Vertical stress distributions (see Fig. 9): With the increase of floor depth, the degree of both the stress 
concentration of floor strata under the coal wall and the pressure relief of goaf may reduce. The vertical stress of 
floor strata under working face upper and lower two-side rock mass decreases from 25.6 MPa to 17.5 MPa 
gradually, and the vertical tensile stress of goaf floor rock mass reduces gradually from 0.3 MPa and becomes 
compressive stress finally. The shape of vertical stress contours of floor strata under working face upper and lower 
two-side rock mass looks like “bubble” and inclines to the front of coal wall. The shape of vertical stress contours of 
floor strata under goaf upper and lower two-side rock mass also looks like “bubble” and inclines to the backside of 
coal wall. The vertical stress peak of working face upper and lower two-side along the direction that has a certain 
angle with the normal direction transmits to the rock mass under the coal mass from the location of supporting 
pressure peak. 
(3) Shearing stress distributions (see Fig. 10): There is a tensional shearing stress zone in floor rock mass under 
the working face near the coal wall, which looks like “bubble” and its value decreases from 5.1 MPa to 1.0 MPa. 
The upside of floor rock mass of goaf forms a tensional shearing stress concentration area and its maximum value is 
3.0 MPa. While the downside of floor rock mass of goaf forms a compressive shearing stress concentration area and 
its maximum value is 3.0 MPa. Otherwise, there is a compressive shearing stress area under the coal wall at the 
upside of working face, which also looks like “bubble” and its value decreases from 5.1 MPa to 1.0 MPa. This 
shearing stress area may suffer from the most serious failure. When the periodical pressure comes, the faults of this 
area always become activation, which may evolve the faults into the conductor of groundwater.  
(4) Horizontal displacement distributions (see Fig. 11): The shallow part floor of the upside of working face near 
the coal wall is in a horizontal tensile state and its maximum horizontal tensile displacement is 12 mm. But in the 
depth of the floor strata, the tensile state turns into the compressive state and its maximum horizontal compressive 
displacement is 14 mm. While the shallow part floor near the downside of coal wall of working face is in a 
horizontal compressive state and its maximum horizontal compressive displacement is 14 mm. In the depth of the 
floor strata, the compressive state turns into the tensile state and its maximum horizontal tensional displacement is 
also 14 mm.  
(5) Vertical displacement distributions (see Fig. 12): The floor strata under working face two-side coal mass is in 
a compressive state, and the compressive displacement is 2 mm~38 mm. The floor strata under goaf is in an 
expansive state, and the expansive displacement is 5 mm~39 mm. 
 
       
Fig. 8. Horizontal stress contour                          Fig. 9. Vertical stress contour                             Fig. 10. Shearing stress contour 
         
Fig. 11. Horizontal displacement contour           Fig. 12. Vertical displacement contour                Fig. 13. Plastic zone contour 
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 (6) Plastic zone distributions (see Fig. 13): Because of the stress concentration of the upper coal wall, there is a 
plastic zone of 10 m wide in the depth of 12 m sand-mudstone interbed. While the floor strata of goaf also forms a 
plastic zone area of 4 m wide, 8 m depth due to the stress release and the tensile deformation. 
3.2.3. Floor strata of 7 m in depth 
(1) Vertical stress distributions (see Fig. 14): There is a stress concentration in the compression area under the 
coal wall of working face and its value is 29.4 MPa. Because of the pressure of overlying strata, the compressive 
stress concentration appears at the two-side of goaf coal mass and its maximum value is 24.0 MPa. The stress of 
shallow floor strata of goaf near the working face releases, and the reduced compressive stress value is 0.6~4.0 MPa. 
In the stress-recovered area, the vertical compressive stress of floor strata increases gradually due to the effecting of 
the collapsed roof.   
(2) Vertical displacement distributions (see Fig. 15): In the compression area under the coal wall, the maximum 
vertical downward displacement is about 50 mm. The maximum floor heave of goaf is 36 mm, and the value of floor 
heave becomes little gradually with the distance from working face increases. The vertical downward displacement 
at two-side of goaf is 40 mm, and the value of vertical downward displacement becomes little with the distance from 
goaf increases.  
(3) Plastic zone distributions (see Fig. 16): Under the function of stress concentration below the coal wall and 
stress release of goaf, there appears a 3 m wide plastic zone under the working face coal wall. Similarly, there 
appears a 10 m wide plastic zone due to the stress release of the goaf floor strata and the tension deformation. 
 
       
Fig. 14. Vertical stress contour of 7 m in depth floor; Fig. 15. Vertical displacement contour of 7 m in depth floor; Fig. 16. Plastic zone 
distribution contour of 7 m in depth floor 
3.2.4. Floor strata of 16m in depth 
(1) Vertical stress distributions (see Fig. 17): There is a stress concentration in the compression area under the 
coal wall of working face and its value is 23.4 MPa. Because of the pressure of overlying strata, the compressive 
stress concentration appears at the two-side of goaf coal mass and its maximum value is 20.0 MPa. The stress of 
shallow floor strata of goaf near the working face releases, and the reduced compressive stress value is 2.98~6.0 
MPa. In the stress-recovered area, the vertical compressive stress of floor strata increases gradually due to the 
effecting of the collapsed roof.   
(2) Vertical displacement distributions (see Fig. 18): In the compression area under the coal wall, the maximum 
vertical downward displacement is about 40 mm. The maximum floor heave of goaf is 30 mm, and the value of floor 
heave becomes little gradually with the distance from working face increases. The vertical downward displacement 
at two-side of goaf is 35 mm, and the value of vertical downward displacement becomes little with the distance from 
goaf increases.  
(3) Plastic zone distributions (see Fig. 19): At the depth of 16 m from the floor surface, there is no plastic area, 
which means that the failure depth is less than 16 m with the working face inclination length of 120 m. In fact, the 
simulated result is 12.3 m, which accords with the measure result of 13.5 m. 
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Fig. 17. Vertical stress contour of 16 m in depth floor; Fig. 18. Vertical displacement contour of 16 m in depth floor; Fig. 19. Plastic zone 
distribution contour of 16 m in depth floor 
3.3. Water-inrush risk analysis for 10-coal 
The floor aquifuge thickness of 10-coal of Taoyuan Coal Mine is about 50 m, and the water pressure of the 
aquifer is 3.0 MPa. If the failure depth of floor strata is not considered, the water-inrush coefficient is 0.06, which is 
the critical coefficient of water-inrush. If the failure depth of floor strata is considered, the water-inrush coefficient 
is 0.082, which is 1.4 times of the critical value. Due to the working face mining, the effective thickness of floor 
aquifuge reduces and the water-resisting ability also decreases, which will increase the risk of water-inrush from the 
working face floor. Thus, some effective measures such as optimize the parameters of working face, reinforce floor 
by grouting and so on must be taken to prevent groundwater inrush from the aquifer and to ensure the safe mining of 
working face 
4. Conclusions 
Based on the simulations and analysis above, the conclusions as follows can be obtained: 
(1) The shearing stress concentration area occurs at the intersection of coal mass and goaf (near the downside of 
the coal wall), and its shape of stress contours all look like “bubble”. This shearing stress area may suffer from the 
most serious failure. When the periodical pressure comes, the faults of this area always become activation, which 
may evolve the faults into the conductor of groundwater. 
(2) Along the advanced direction of working face, the region of floor strata in vertical direction come into being 
compression region, expansion region, and recompression region, and their displacement decrease with the increase 
of floor depth. While along the tilted direction, the floor rock mass under the upper and lower two-side coal mass is 
in a compressive state, generating a vertical compressive displacement. The floor stratum under goaf is in an 
expansive state, generating a vertical expansive displacement. 
(3) Along the advanced direction of working face, the floor stratum of goaf moves up due to the pressure relief 
and the tensional state, forming a plastic zone of 6 m in depth. The rock mass under coal wall is in a shearing state, 
forming a plastic zone of 12.3 m in depth caused by the double influence of the compressive state of coal seam floor 
strata and the expansive state of floor strata under goaf. Along the tilted direction of working face, there is a plastic 
zone of 10 m wide in the depth of 12 m sand-mudstone interbed due to the stress concentration of coal wall. While 
the floor strata of goaf also forms a plastic zone area of 4 m wide, 8 m depth due to the stress release and the tensile 
deformation. 
(4) At the depth of 16 m from the floor strata surface, although there has some deformation, there is no plastic 
zone, which means that the failure depth is less than 16 m. In fact, the simulated result is 12.3 m, which accords with 
the measure result of 13.5 m. 
(5) Considering the failure depth of floor strata, the water-inrush coefficient of 10-coal working face of Taoyuan 
Coal Mine is 0.082, which is 1.4 times of the critical value. Due to the working face mining, the effective thickness 
of floor aquifuge reduces and the water-resisting ability also decreases, which may increase the risk of water-inrush 
from the working face floor. Thus, some effective measures such as optimize the parameters of working face, 
reinforce floor by grouting and so on must be taken to prevent groundwater inrush from the aquifer and to ensure the 
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 safe mining of working face. 
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